Variable responses of neuronal networks to repeated identical electrical or sensory stimuli reflect the interaction of the stimulus' response with ongoing activity and its modulation by adaptive mechanisms such as cognitive context, network state, cellular excitability or synaptic transmission capability. To identify the rules that underlie the modulation of stimulus-response relations we set up a state-dependent stimulation paradigm in generic neuronal networks in vitro.
(1-e -αt ). Response delay, in turn, decreased exponentially and saturated at a low level, y(t) = Be -βt + C. The rate constant β describes the coupling between recovery from depression and response delay. We found activitydependent recovery dynamics with longer spontaneous bursts yielding smaller β and vice versa.
Stimulus-response modulation persisted under the blockage of inhibition, that introduced overall longer responses and shorter delays. Longer network bursts with more spikes occurred less frequently and recovery rates concomitantly decreased. The average firing rate was, however, unchanged, supporting a pool of available resources that is repeatedly used and replenished during and between network bursts, respectively.
Conclusion
The timing of stimulation relative to spontaneous bursting modulates stimulus-response relations in cortical networks in vitro following distinct rules. The interrelation between resource depletion and replenishment determines the temporal evolution of the network's excitability state. Our findings can be explained by short-term synaptic depression and activity-dependent adaptation of excitability as underlying mechanisms.
